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CIRM Center For Excellence in Stem Cell Genomics

e Centerpiece of CIRM Knowledge Network is the Stem Cell Hub of the
Center for Excellence in Stem Cell Genomics.

e The Center is led by Mike Snyder (Stanford), Joe Ecker (Salk), and Josh
Stuart (UCSC)

e Focus: Cardiovascular Disease, Cell Differentiation in brain and
pancreas, Molecular Networks in all types of stem cells

e Supports 15 CIRM laboratories in addition to Snyder, Ecker and Stuart

e All genomics data generated by supported projects are made available
globally through the Stem Cell Hub no later than the time of publication.
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Stem Cell Hub: Data

o5 Stem Cell Hub 84 TB of data in 180,170 files
.. . from 18 CIRM research labs
Browse Files View Datasets Read Articles
s i s 6.7 TB of that data is
_currently publicly available;

the rest is pre-publication

The data are
Machine-Learning Ready*

https://cirm.ucsc.edu

_ *https://www.acd.od.nih.gov/documents/
Ewes?i?ﬂ'ecs presentations/12132019Al_FinalReport.pdf
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Stem Cell Hub: Assays & Organs

Amplicon-seq
WGBS

GUIDE-seq
Capture-seq

\\\\\\\\\\\\\\\\\\\\\\\

IR CROT s

bulk-RNA-seq

4.7% ‘

Heart
Eye 0.4%
45%
Heart ‘
Pancreas
35.1%
Brain
Prostate 56.4%
sc-RNA-seq
92.9%

*chart is based on proportion of fastq files in each category



Cell Browser

The Cell Browser is a software tool using a 2D viewer to represent
single-cell RNA expression

Choose Cell Browser Dataset

Overview ml Methods Data Download I nte rates C I RM d ata With Io bal
Spatiotemporal Gene Expression Trajectories Reveal Developmental Hierarchies of the Human g g

Glioblastoma Infiltrating (€D €D €D B2 | Cortex . . .
@e= single-cell data, including HCA

Shows expression data for individual cells
— € @ @z |

e W Allows for a visual comparison of large
| AL s e s dALASELS CONSISting of many cells

complex ¢ ngw( ve functions of the human brain ‘However, 3 ﬁm(nte" :mcpre expression [r’!J
maturation and differentiation. Here

Mouse Organogenesis

Multiple Sclerosis

Organoid Report Card

| has been challenging because d
discrete cell types as well as cr“coﬂlly ect
| These lineage-specific trajectories reveal the expression of neurogenic transcription factors in early radial glia, a nd activation of
mTOR signaling in outer radial glia. Across cortical areas, modest transcriptional crcrccs among radial glia cascade into I I I f k
robust typological distinctions between prefrontal and visual cortex as neurons mature. Together, our results provide a framework nC u eS Over ayS O me a a a, mar er gene

for interpreting continuous gene expression variation during development and sn:)poﬂ a mixed model of topographical,

Tabula Muris

Treehouse Cancer
Compendium

e am typological, and temporal hierarchie:
Mouse cortex and hippocamput (3.0 |

o (D D G e o St oo levels, cell clustering and more

Direct link to this plot for manuscripts: hitps:/cortex-dev.cells.ucsc.edu

Brain and organoid ED B2 ceisrowser dataset 1D: corte
Tabula Muris Senis m

verning cell type diversity in the developing telencephalon

Useful for comparing single-cell layout/batch
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Genome Browser

Scale 2 kb} | hg3s
chra: | 127,735,000] 127,736,000] 127,737,000| 127,738,000| 127,739,000] 127,740,000 127,741,000] 127,742,000 127,743,000
GENCODE v32 Comprehensive Transcript Set (only Basic displayed by default)
CASC11mm MY CH ks sl NN ; ;
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MYC -
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MYC I—

MYC
MYC :
MYC |

NCBI RefSeq genes, curated subset'NM 7. NF! f. NP_ForjYP.l
CASC11/NR_117102.118 MYC/NM_001354870.1
CASC11/NR_117101.1 1 MYC/NM_002467.6 > >
: SPHJCaSQ NGG Targets, whole eno ] I
crisPR Targets INIEEE CHEOL  FIRMIRR TR0 IE0T Wi IlIII] 1! IIllIlIIlIlIlII CRL lll(i | MW T BTN T e Hinamnm

Gene Expression in 54 tissues from GTEX RNA- seq of 17382 sam ples 948 donors (VB, Aug 2019)

] Annotation Release NCBI Homo saplens Updated Annotation Release 109.20150805 (2019-09-10)

CASC11 _ a—
"1l Il “ |
ENCODE Candidate Cis-Regulatory Elements (c CRES) com bined from all cell types
ENCODE cCRES .
H3K27Ac Mark (Often Found Near Regulatory Elements) on 7 cell lines from ENCODE

Layered HIK27Ac R 25

488 | 100 v ates Basew onservation by PhyloP
Cons 100 Verts

45 _|

MUltiz Alignments of 100 Vertebrates
. g, TR P g Sy
Elephs P Y AR :

Chicken \

%_tropicalis 111 ||||
Zebrafish

OMIM Allelic variant Phenoty pes

OMIM Alleles
Short Genetic \arants from dbSNP release 153

Clinvar dbSNP(153)

o N PUES) -i-.h-l—ﬂ—l—-H—l—--l-H-HE--h-lH-llﬂl—-_l--—- D ——
https://genome.ucsc.edu/



Data Biosphere
Scalable and interoperable computing resource for the genomics scientific community
T ONHIBL | g
1 f;_.' ‘ : \\ ':.“g'_} s

TOPMed |

Cloud-based infrastructure
e Highly elastic; shared analysis and computing environment
Data access and security k BioDat
Genomic and single cell datasets, phenotypes and metadata m) lobata
Securely housed, large datasets generated by NHGRI, National Heart, Lung, CATA LYST

o
o
NHLBI, NCI, CZI funded programs and HCA community, as
well as other initiatives / agencies
£} LungMAP

Collaborative computing environment for datasets and
DATA
BIOSPHERE

analysis workflows
Storage, scalable analytics, data visualization
Security, training & outreach, with new models of data access

o
...for both users with limited computational expertise and

o
O
sophisticated data scientist users
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The next phase in genomics:

a complete reference of
human genome diversity

o
“ 1 Degi
«;gn\h IIIIIIIIIIIIIIIIIIIIII g
D Genomics
UMAN e Institute

H
PANGENOME o

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE



2005

International HapMap
Project

NIH Genomics

June & July 2000 2006
First draft of human genome The Cancer Genome Atlas
sequence released

1000 Genome Project

N,
All 2015 7% | 2013 2010 2008
of us Laun.ch USA All of ;‘,{A‘,, ,:\‘; Global Alliance for Genomics Draft Sequence of the

Us Biobank h DR 4 and Health (GA4GH) Neandertal

2012

The Human Heredity and Electronic Medical Records and
Health in Africa (H3Africa) Genomics (eMERGE)

Trans-Omics for Precision
m Medicine (TOPMed) Program bi“ba“k"

20 1 9 Applicants Accepted: UK Biobank

Simons Diversity Study
GWAS Catalog 2016

The Human Cell Atlas

HUMAN

PANGENOME
Launch of the Human Pangenome
Reference Consortium

2017 2020

Population Architecture using Genomics
and Epidemiology (PAGE)

Implementing Genomics in Practice Fq

(IGNITE)



2004 2005
CIRM created \ :‘r‘;:‘;tm"ﬂ' HapMap

June & July 2000 2006
First draft of human genome The Cancer Genome Atlas
sequence released

NIH Genomics

1000 Genome Project

N,
All 2015 7% | 2013 2010 2008
of us Laun.ch USA All of ;‘,{A‘,, ,:\‘; Global Alliance for Genomics Draft Sequence of the

Us Biobank h DR 4 and Health (GA4GH) Neandertal

2012

The Human Heredity and Electronic Medical Records and
Health in Africa (H3Africa) Genomics (eMERGE)

Trans-Omics for Precision
m Medicine (TOPMed) Program bi“ba“k"

20 1 9 Applicants Accepted: UK Biobank

Simons Diversity Study
GWAS Catalog 2016

The Human Cell Atlas

HUMAN

PANGENOME
Launch of the Human Pangenome
Reference Consortium

2017 2020

Population Architecture using Genomics
and Epidemiology (PAGE)

Implementing Genomics in Practice Fq

(IGNITE)



"t
1

e 5004 2005

o International HapMap
r CIRM created \ Project
|

NIH Genomics
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June & July 2000 2006
The development of a  [tne .Uy 220 The Cancer Genome Atias
new pan-reference seauence released 1000 Genome Project

New initiative to launch
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Human Reference Genome:

Laraelv represents one individual

Population
m B European o
S 00 B East Asian 3
E B South Asian/other Asian g
a B African 3
g . Hispanic/Latino 2
(0] Greater Middle Eastern 2
< 5o B Oceanic §
© Other =
3 Multiple 5
> >
© @
=
0 - —1lo

T T T T T T

2006 2008 2010 2012 2014 2016 2018 Present

The Human Reference Genome:

Does not adequately represent genetic Martin et al 2019
diversity in the human population.
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A Human Pangenome Reference Eliminates Disparities

« Unbiased representation of
sequence diversity in the human
population

« Comprehensive map of genome
variation

* New reference data structure to
nucleate and foster a new
ecosystem of pangenome tools
for clinical use

55, UNIVERSITY OF CALIFORNIA
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Need to generate and analyze complete

human genomes

B ~8% Incomplete &S _ _
—~ 90 « Human Genome Project (April 2003):
2 Ll .Y 5 Focused Exclusively on Finishing 99% Euchromatic Regions.
@ = 1L, Highly-Repetitive Heterochromatin Regions were not Included
=
% 60 —
2 5 |- :
E Segmented Duplicated
S |- duplications gene families  Centromeres
qE) 30 [— : ' e
% 20 [~ ey ok =i
O o Subtelomeres Acrocentric
o[ Telomeres arms
| n
. — N gy - .
-_— Miga, Nature 2020

eI eI Production of Complete

rieereRaERRaRRRRIRRRERRIRRRRIRIRRRAGRGR Reference Genomes



GENOME INSTABILITY AND RIBOSOMES: TRANSLATION

Bringing together amino acids
to form particular proteins

A Sa S, a2 a =

rDNA Arrays

CENTROMERE FUNCTION

--------- Repressed
% ° s N

& /
N
®
*
0\
0

Active

Typically Spatially distinct
from active TAD Contribute to
compartments

Regulate Centromere
Chromosome Cohesion Function



NIH Pangenome Project Population Representation and Sampling
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Collaborate. Innovate. Accelerate.

Cover genetic and geographic diversity

v/ |Availability of low passage cell lines

lAvaiIabiIity of trios/parental data.



A reference iPSC line will be needed for each of the

s o S
- 1

CIRM Stem Cell Opportunities

>350 diverse globally recognized reference
genomes funded by NIH with unrestricted use
Possibility to establish and distribute standard
organoids of various tissue types derived from
reference lines, an “organoid nursery”: Organoid
Hotel California

Opportunity to construct the first “Human
Pan-Epigenome” by concentrating global research on
a common reference lines and organoids, validate with
primary tissue

Opportunity for collaboration with many NIH institutes
making disease-specific iPSC libraries

Ethnically diverse reference iPSCs could serve as
matched normals for wide range of disease cohort
studies

Rleurons ‘,;,A:{g”?{/ 080 Qea

Human Pangenome iPSC
Diversity Panel:

— e
i
e

hiPS/ES cells

More cell types

Muscle cells 000

Liver cells

Blood cells



Example: Cerebral Organoids

Green: HOPX
Red: SOX2
Lavender: CTIP2
Blue: SATB2
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The marriage of stem cell and genomics research is
the right foundation for a more equitable
regenerative medicine
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Health Care Genome Diversity
Ability to study a Improve our understanding Expand epigenetic studies
complete genome for of human sequence variation across different cell types
important clinical variants and evolution for important clinical variants
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